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(54) SIGNAL ATTENUATING CIRCUIT

(57) A high-frequency signal which is induced in an
antenna 1 is attenuated according to an impedance of a
rectifier element D1 determined by a size of an attenua-
tion factor control signal AGC. On the other hand, when
a low-frequency interference such as a power-transmis-
sion line interference is generated, and an amplitude of
the signal induced in the antenna 1 fluctuates substan-

tially at a low frequency, by a circuit which is formed by
aresistor R11 and adiode D1, or a circuit which is formed
by the resistor R11, a diode D2, and a resistor R12, a
voltage of alow-frequency signal originated from the low-
frequency interference is clamped. As a result of this, a
level of an input signal to a subsequent signal processing
circuit 2 is optimized.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a signal atten-
uation circuit which attenuates a signal from a signal
source, and sends an attenuated signal to a subsequent
signal processing circuit.

BACKGROUND ART

[0002] Receivers of which, a radio receiver is a typical
example, have hitherto been used widely. In such receiv-
ers, at the time of processing a signal induced in an an-
tenna, it is a general practice to carry out a frequency
conversion and detection, after letting a size of the signal
to be favorable for the processing. At the time of convert-
ing the size of the signal from such signal source, an
automatic gain control (AGC) method in which, a signal
from the signal source is input to an amplification means
via an attenuation means, and an attenuation factor in
the attenuation means is adjusted, based on a detection
result in a subsequent stage of the amplification means,
has been used in many receivers.

[0003] Moreover, in a case of a receiver which per-
forms reception directly beneath a transmission line of
electric power, such as a radio receiver onboard a car,
in a country which has adopted an AC (Alternating Cur-
rent) transmission as our country (Japan), it is not pos-
sible to avoid receiving low-frequency interfering waves
of a power-transmission frequency (50 Hz or 60 Hz in
our country (in Japan)) (hereinafter called as 'transmis-
sion line interference’). A size of the transmission line
interference which is a sort of low-frequency interfering
waves, depends on a distance from the transmission line,
and an amplitude might reach up to about 100 V, and an
input signal level to a high-frequency amplifier which is
an initial state amplifier in the receiver might go out of a
proper operation range of the high-frequency amplifier.
Such situation had been generating a distortion and a
cross modulation in an amplification result by the high-
frequency amplifier, and resulting in hum noise in a case
of a radio receiver.

[0004] In order to prevent this situation, and to realize
an automatic gain control (AGC), letting the receiver to
be a receiver 90 in which a circuit structure shown in Fig.
7 can be taken into consideration (hereinafter called as
‘conventional example 1'). This receiver 90 comprises
(a) an antenna 1 which is indicated by a capacitor CO as
an equivalent circuit, (b) a signal attenuation circuit 91
which attenuates a signal induced in the antenna 1 to an
attenuation factor according to a size of an attenuation
factor control signal AGC, (c) a clamping circuit 92 which
clamps a signal which is via the signal attenuation circuit
91, and (d) asubsequent signal processing circuit 2 which
processes a signal which is via the clamping circuit 92.
Here, an arrangement is such that the attenuation factor
control signal AGC is generated in the subsequent signal
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processing circuit 2, and is supplied to the signal atten-
uation circuit 91 via a resistor R1.

[0005] The signal attenuation circuit 91 comprises (i)
diodes D1 and D2 connected in series, (ii) a capacitor
C1 of which, one terminal is connected to a contact point
of the diode D1 and the diode D2, and the other terminal
is connected to a signal output terminal of the antenna
1. Moreover, a cathode terminal of the diode D1 is
grounded, and an anode terminal of the diode D2 is con-
nected to a terminal which is different from an input ter-
minal of the attenuation factor control signal AGC of the
resistor R1.

[0006] The clamping circuit 92 includes diodes D3 and
D4. Here, an anode terminal of the diode D3 is grounded,
a cathode terminal of the diode D3 is connected to a
signal input terminal of the high-frequency amplifier 3.
Moreover, a cathode terminal of the diode D4 is ground-
ed, and an anode terminal of the diode D4 is connected
to the signal input terminal of the high-frequency amplifier
3.

[0007] Inthe receiver 90, in the signal attenuation cir-
cuit 91, a level loss according to an impedance value of
the diodes D1 and D2 determined according to the size
of the attenuation factor control signal AGC, is generated
in a signal from the antenna 1. The signal subjected to
such level loss is input to the clamping circuit 92. In the
clamping circuit 92, when the input signal has a substan-
tial voltage on a positive side or a negative side with re-
spect to a ground level, a clamping process by the diode
D3 or the diode D4 is carried out. As a result of this, an
optimization of the level of signal which is input to the
high-frequency amplifier 3 of the subsequent signal
processing circuit 2 is facilitated.

[0008] Moreover, for achieving the optimization of the
level of the signal input to the subsequent signal process-
ing circuit 2, a receiver 95 in which a circuit structure
shown in Fig. 8 is adopted, has also been proposed (Re-
fer to Patent Literature 1; hereinafter called as 'conven-
tional example 2'. In this receiver 95, the signal attenu-
ation circuit 91 and the clamping circuit 92 in the receiver
90 described above, are replaced by a signal attenuation
circuit 96. This signal attenuation circuit 96 comprises,
in addition to the components of the signal attenuation
circuit 91 mentioned above, a resistor R2 of which, one
terminal is connected to the contact point of the diode
D1 and the diode D2, and the other terminal is connected
to the signal output terminal of the capacitor C1.

[0009] In the receiver 95, regarding a high-frequency
signal induced in the antenna 1, similarly as in a case of
the receiver 90, the level loss according to the impedance
value of the diodes D1 and D2 determined according to
the size of the attenuation factor control signal AGC, is
generated. Moreover, when in the signal induced in the
antenna, there exists a low-frequency signal originated
from a low-frequency interference wave having a sub-
stantial voltage on a positive side with respect to the
ground level, regarding the low-frequency signal, a level
loss which is determined by a ratio of a combined imped-
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ance of an impedance of the resistor R2, an impedance
of the capacitor C1, and an impedance of the diode D1
in arectification direction, to animpedance of the antenna
1, is generated. In this manner, in the receiver 95, the
optimization of the input signal level to the high-frequency
amplifier 3 of the subsequent signal processing circuit 2
is facilitated.

[0010] In the description of the receiver 95, same ref-
erence numerals were used for components which are
same or similar in the case of the receiver 90, and the
description to be repeated was omitted.

[0011] Patent Literature 1: Japanese Patent Applica-
tion Laid-open Publication No. Hei 09(1997)-135180.

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0012] Both the technologies of the conventional ex-
ample 1 and the conventional example 2 mentioned
above are technologies in which, characteristics of diode
as a rectifier element which is a non-linear response el-
ement having a directionality for an ease of flowing of
electric current, are used. Here, in the technology of the
conventional example 1, a level of the signal which is
input to the subsequent signal processing circuit 2 is lim-
ited by the clamping circuit 92 which is formed by two
diodes D3 and D4. Therefore, the technology of the con-
ventional example 1 is superior from a point of view that
even when the signal received by the antenna has a sub-
stantial voltage on a positive side with respect to the
ground level, and even when has a substantial voltage
on a negative side with respect to the ground level, it is
possible to optimize the level of the signal input to the
subsequent signal processing circuit 2.

[0013] Onthe other hand, in the technology of the con-
ventional example 2 mentioned above, the diode D1 of
the signal attenuation circuit 96 is used for signal atten-
uationas well as for signal clamping. Therefore, we would
have to say that a rectifier means such as a diode is
inferior as compared to a resistor and a capacitor, from
a point of view of a long-term operation safety. Moreover,
it is expensive. When these factors are taken into con-
sideration, as compared to the technology of the conven-
tional example 1, it is superior although there is an in-
crease in the number of resistive elements, but from a
point that it is possible to reduce the number of diodes,
which are rectifier means. However, in the technologies
of the conventional examples, when the signal received
by the antenna has a substantial voltage on the positive
side with respect to the ground level, it is possible to
optimize the level of the signal input to the subsequent
signal processing circuit 2, by a circuit which is formed
by the diode D1 and the resistor R2, but when the signal
received by the antenna has a substantial voltage on the
negative side with respect to the ground level, it was not
possible to optimize the level of the signal input to the
subsequent signal processing circuit 2.
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[0014] The present invention is made in view of the
situation described above, and an object of the present
invention is to provide a novel signal attenuation circuit
which is capable of contributing to the automatic gain
control, and to institute measures against the low fre-
quency interfering waves.

MEANS FOR SOLVING THE PROBLEMS

[0015] A signal attenuation circuit of the present inven-
tion is the signal attenuation circuit which attenuates a
signal from a signal source, and sends an attenuated
signal to a subsequent signal processing circuit, com-
prising: a first rectifier means which has one terminal
which is connected to an output terminal of the signal
source and an input terminal of the subsequent signal
processing circuit, via a first impedance, and the other
terminal which is connected to an alternating ground level
via a second impedance, and for which, an impedance
changes according to a size of an attenuation factor con-
trol signal; and a second rectifier means which has one
terminal which is connected to the alternating ground lev-
el via a third impedance, and the other terminal which is
connected to one terminal of the first rectifier means, and
which is connected in series to the first rectifier terminal
in a rectification direction, and for which, an impedance
changes according to the size of the attenuation factor
control signal, wherein the first impedance, the second
impedance, and the third impedance are determined up-
on considering an attenuation of the signal from the signal
source, by a change in the impedance of the first rectifier
means and the second rectifier means, according to a
size of the attenuation factor control signal, in a high-
frequency region in which the subsequent signal
processing circuit has to perform processing, and are
determined upon considering a proper range of an input
signal level of the subsequent signal processing circuit
and the impedance of the signal source, in a low-frequen-
cy region in which a low-frequency interference may be
generated. Here, the 'rectifier means’ is defined as an
element which has a directionality for an ease of flowing
of electric current, and which makes a non-linear re-
sponse, or a combination of such elements, and 'rectifi-
cation direction’ is defined as a direction in which the
electric current is susceptible to flow in the rectifier
means. In the present invention, terms 'rectifier means’
and 'rectification direction’ are used in this sense.

[0016] Inthis signal attenuation circuit, the firstimped-
ance, the second impedance, and the third impedance
are determined upon considering the attenuation of the
signal from the signal source, by the change in the im-
pedance of the first rectifier means and the second rec-
tifier means according to the size of the attenuation factor
control signal, in the high-frequency region in which the
subsequent signal processing circuit has to perform
processing. Therefore, in a case of the high-frequency
signal, it is subjected to a level loss according to the im-
pedance of the first rectifier means and the second rec-
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tifier means determined by the size of the attenuation
factor control signal, and the signal from the signal source
is attenuated properly.

[0017] Moreover, in the low-frequency region in which
the low-frequency interference may be generated, when
a rectification direction of the first rectifier means is let to
be a direction from the one terminal to the other terminal
of the first rectifier means, during a period of having a
voltage on a positive side with respect to the alternating
ground level, the level loss determined by a ratio of a
combined impedance of the first impedance, an imped-
ance in the rectification direction of the first rectifier
means, and the second impedance, to an impedance of
the signal source, is generated. Moreover, during a pe-
riod of having a voltage on a negative side with respect
to the alternating ground level, the level loss determined
by a ratio of a combined impedance of the first imped-
ance, an impedance in the rectification direction of the
second rectifier means, and the third impedance, to the
impedance of the signal source, is generated.

[0018] Here, in the low-frequency region in which the
low-frequency interference may be generated, the first
impedance, the second impedance, and the third imped-
ance are determined upon considering the impedance
of the signal source and the proper range of the level of
the signal which is input to the subsequent signal
processing circuit and the impedance of the signal
source. Therefore, even when the low-frequency inter-
ference is generated, it is accommodated in the proper
range of the input signal level of the subsequent signal
processing circuit.

[0019] In the signal attenuation circuit of the present
invention, a structure can also be let to be such that the
signal output terminal of the signal source and the one
terminal of the first rectifier means are connected via a
capacitive element, and is connected in parallel to a con-
nection made via the capacitive element, via a resistive
element, and the structure can also be let to be such that
the signal output terminal of the signal source, and the
one terminal of the first rectifier means are connected
directly, and the first impedance is let to be substantially
zero. Moreover, in the signal attenuation circuit of the
present invention, the structure can also be let to be such
that the other terminal of the first rectifier means and the
alternating ground level are connected directly, and the
second impedance is let to be substantially zero, and the
structure can also be let to be such that the one terminal
of the second rectifier means and the alternating ground
level are connected directly, and the third impedance is
let to be substantially zero.

[0020] In the signal attenuating circuit of the present
invention, itis possible to adopt a diode as the first rectifier
means and the second rectifier means.

BRIEF DESCRIPTION OF DRAWINGS

[0021]
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Fig. 1 is a diagram showing a circuit structure of a
receiver which comprises a signal attenuation circuit
of the an embodiment of the present invention;

Fig. 2 is a diagram for describing an example of a
signal waveform at an input terminal of a high-fre-
quency amplifier in the receiver in Fig. 1;

Fig. 3 is a diagram for describing an example of a
signal waveform of a comparative example;

Fig. 4 is a diagram showing a circuit structure of a
receiver which comprises a signal attenuation circuit
of a first modified example;

Fig. 5 is a diagram showing a circuit structure of a
receiver which comprises a signal attenuation circuit
of a second modified example;

Fig. 6 is a diagram showing a circuit structure of a
receiver which comprises a signal attenuation circuit
of a third example embodiment;

Fig. 7 is a diagram showing a circuit structure which
comprises a signal attenuation circuit of a conven-
tional example 1; and

Fig. 8 is a diagram showing a circuit structure which
comprises a signal attenuation circuit of a conven-
tional example 2.

BEST MODE FOR CARRYING OUT THE INVENTION

[0022] An embodiment of the present invention will be
described below by referring to Fig. 1 to Fig. 3.

[0023] InFig.1,astructure of areceiver 10 which com-
prises a signal attenuation circuit 12 according to the em-
bodiment of the present invention is shown. As shown in
Fig. 1, the receiver 10 comprises in addition to the signal
attenuation circuit 12, (a) an antenna 1, and (b) a high-
frequency amplifier 3in aninitial stage, and a subsequent
signal processing circuit 2 which processes a signal
which is input via the signal attenuation circuit 12 after
being received by the antenna 1. Here, an arrangement
is such that an attenuation factor control signal AGC,
similarly as in case of the receivers 90 and 95 described
above, is generated in the subsequent signal processing
circuit 2, and is supplied to the signal attenuation circuit
12viaaresistor R13. The attenuation factor control signal
AGC is generated based on a detection result of a signal
amplified by the high-frequency amplifier 3, and a detec-
tion result at a subsequent stage of the high-frequency
amplifier 3.

[0024] The signal attenuation circuit 12 comprises a
diode D1, a diode D2, a capacitor C11, a resistor R11,
and a resistor R12. Here, a cathode terminal of the diode
D1 is grounded, and an anode terminal of the diode D1
is connected to a cathode terminal of the diode D2. The
attenuation factor control signal AGC is input to an anode
terminal of the diode D2, via the resistor R13.

[0025] Moreover, one terminal of the capacitor C11 is
connected to a signal output terminal of the antenna, and
a signal input terminal of the high-frequency amplifier 3
of the subsequent signal processing circuit 2, and the
other terminal of the capacitor C11 is connected to the
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anode terminal of the diode D1. Furthermore, one termi-
nal of the resistor R11 is connected to the signal output
terminal of the antenna 1, and the signal input terminal
of the high-frequency amplifier 3 of the subsequent signal
processing circuit 2, and the other terminal of the resistor
R11 is connected to the anode terminal of the diode D1.
One terminal of the resistor R12 is grounded, and the
other terminal of the resistor R12 is connected to the
anode terminal of the diode D2.

[0026] As a capacitance value of the capacitor C11, a
capacitance value similar to a capacitance value of a
capacitor C1 in the conventional example 1 is selected.
Moreover, as a resistance value of the resistor R13, a
resistance value similar to a resistance value of the con-
ventional example 1 is selected.

[0027] As aresistance value of the resistor R11, for a
frequency range of a component originated from the low-
frequency interference, a value sufficiently smaller than
an impedance of a capacitor CO which is an equivalent
circuitofthe antenna 1 and an impedance of the capacitor
C11, is selected. Moreover, as a resistance value of the
resistor R12, for the frequency range of the component
derived from the low-frequency interference, a value for
which the sum with the resistance value of the resistor
R11 is sufficiently smaller than the impedance of the ca-
pacitor CO which is an equivalent circuit of the antenna
1, and which is capable of changing the impedance of
the diodes D1 and D2 in a sufficient range from a point
of view of automatic gain control, by the attenuation factor
control signal AGC which is via the resistor R13, is se-
lected.

[0028] For example, in a case in which the antenna 1
is a rod antenna, when the capacitance value of the ca-
pacitor CO is about 80 pF, and the frequency of the low-
frequency interference is assumed to be in a range of 50
Hz to 60 Hz, the impedance of the capacitor CO is in a
range of about 33 MQ to 40 MQ. In this case, for clamping
the low-frequency interference of an amplitude of about
100 V to an amplitude of a few hundred mV, and to let it
to be accommodated in an input proper voltage range of
the high-frequency amplifier 3, the resistance value of
the resistor R11 and the resistor R12 is not more than
about few hundred kQ. According to the resistance value
of the resistor R12 selected in such range, the resistance
value of the resistor R13 is selected such that the imped-
ance of the diodes D1 and D2 can be changed in a suf-
ficient range from the point of view of automatic gain con-
trol, by the attenuation factor control signal AGC.
[0029] An operation of the receiver 10 structured as
mentioned above, will be described below.

[0030] When a high-frequency signal which is to be
processed by the subsequent signal processing circuit
2, such as a broadcast-wave signal which is induced in
the antenna 1 is a voltage not higher than a sensitivity
related to an automatic gain control operation set in the
receiver 10, the high-frequency signal, without being at-
tenuated by the signal attenuation circuit 12, is input to
the high-frequency amplifier 3 of the subsequent signal
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processing circuit 2. Since an impedance in a direction
opposite to the rectification direction of the diode D2 is
extremely high, and there is no current supply made by
the attenuation factor control signal AGC, an impedance
in the rectification direction of the diode D1 becomes an
extremely high value.

[0031] Moreover, when an amplitude of the high-fre-
guency signalinduced inthe antenna 1 becomesincreas-
es, and the voltage becomes a voltage beyond the sen-
sitivity related to the automatic gain control operation, an
attenuation command is made by an electric current sup-
ply made by the attenuation factor control signal AGC,
and the impedance of the diodes D1 and D2 change. As
a result of this, the anode terminal of the diode D1 as-
sumes positive level. Moreover, a level loss which is de-
termined by a ratio of combined impedance of the im-
pedance of the capacitor C11, the impedance of the re-
sistor R11, and the impedance in the rectification direc-
tion of the diode D1, to the impedance of the antenna 1,
is generated for the high-frequency signal, and the high-
frequency signal induced in the antenna 1 is attenuated.
[0032] Inthe manner described above, the level of the
high-frequency signal induced in the antenna 1 is opti-
mized, and the signal is input to the high-frequency am-
plifier 3.

[0033] On the other hand, the signal induced in the
antenna 1, when a low-frequency signal of about a fre-
quency of the low-frequency interference such as a pow-
er-transmission line interference is superimposed, since
the impedance of the resistor R11 for this low-frequency
signal is sufficiently smaller than the impedance of the
capacitor C11, the signal attenuation circuit 12 performs
an operation similar to a case when there is no imped-
ance of the capacitor C11. In other words, during a period
in which the low-frequency signal has a voltage on the
positive side, the voltage value becomes approximately
a voltage value which is determined by a ratio of a com-
bined impedance of the impedance of the resistor R11
and the impedance in the rectification direction of the
diode D1, to the impedance of the antenna 1. Moreover,
during a period in which the low-frequency signal has a
voltage on the negative side, the voltage value becomes
approximately a voltage value which is determined by a
ratio of a combined impedance of the impedance of the
resistor R11, an impedance in the rectification direction
of the diode D2, and the impedance of the resistor R12,
to the impedance of the antenna 1.

[0034] Here, taking into consideration that the imped-
ance of the antenna 1 is sufficiently larger than the im-
pedance of the resistor R11 and the impedance of the
resistor R12, for the low-frequency signal of about a fre-
quency of the low-frequency interference, when the am-
plitude of the low-frequency signal is large, the above-
mentioned operation can be said to be the same clamping
operation similar to the clamping process operation by
the clamping circuit 92 in the conventional example 1,
and the result is also same as the result of the clamping
process by the clamping circuit 92 in the conventional
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example 1. Therefore, even when the signal induced in
the antenna 1 becomes a signal with the low-frequency
signal of high amplitude superimposed thereon, the level
of the signal input to the high-frequency amplifier 3 is
optimized.

[0035] For confirming an optimization operation of the
level of the signal input to the high-frequency amplifier 3
in the receiver 10 of the present invention, a receiver was
made for an experimental purpose, in which a capaci-
tance value of the capacitor CO which is an equivalent
circuit of the antenna 1 was let to be 80 pF, a capacitance
value of the capacitor C11 was let to be 3300 pF, a re-
sistance value of the resistor R11 was let to be 4.7 kQ,
a resistance value of the resistor R12 was let to be 4.7
kQ, and for the diodes D1 and D2, P-N junction diodes
which normally available in the market were used. Fur-
thermore, an experiment in which, when the signal output
terminal is in an open state, a low-frequency interfering
waves which becomes a low-frequency signal having the
maximum-minimum amplitude of 100 V and 50 Hz is ap-
plied to the antenna 1, was carried out. In this case, a
waveform at the output terminal of the signal attenuation
circuit 12 was as shown in Fig. 2, and the maximum-
minimum amplitude VEpp was 480 mV.

[0036] Moreover, as an example for comparison, the
receiver 90 of the conventional example 1 which is con-
sidered to be ideal for a clamping performance, was
made for an experimental purpose by letting the capac-
itance value of the capacitor C1 to be 3300 pF, using
diodes of same type as the diodes D1 and D2 described
above, as the diodes D3 and D4, and letting the other
conditions to be the same. Furthermore, a low-frequency
signal of the same conditions was induced in the antenna
1. In this case, the waveform at the input terminal of the
high-frequency amplifier 3 was as a waveform shown in
Fig. 3, and the maximum-minimum amplitude VRpp was
450 mV.

[0037] Accordingly, it was substantiated that an per-
formance of optimization of the level of the signal which
is input to the high-frequency amplifier 3 in the receiver
10 is not inferior as compared to the case of the receiver
90 in the conventional example 1.

[0038] As it has been described above, in the signal
attenuation circuit 12 of this embodiment, for the high-
frequency signal received by the antenna 1, the high-
frequency signal is attenuated by an attenuation factor
according to the impedance of the diodes D1 and D2
determined by the size of the attenuation factor control
signal. On the other hand, when the low-frequency inter-
ference such as the power-transmission line interference
is generated, and the amplitude of the signal induced in
the antenna 1 fluctuates substantially at the low frequen-
cy, the voltage of the low-frequency signal which is orig-
inated from the low-frequency interference is clamped
by the circuit which is formed by the resistor R11 and the
diode D1, or the circuit which is formed by the resistor
R11, the diode D2, and the resistor R12.

[0039] Consequently, according to the signal attenua-
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tion circuit 12 of this embodiment, itis possible to optimize
the level of the signal which is input to the subsequent
high-frequency amplifier 3, while suppressing an in-
crease in the number of rectifier means such as a diode,
in the receiver 10. Moreover, according to the signal at-
tenuation circuit 12 of this embodiment, it is possible to
contribute to the automatic gain control and to take meas-
ures against the low-frequency interfering waves.

[0040] The present invention is not restricted to the
embodiment described above, and various modifications
are possible. For example, it is possible to modify the
following first modified example to third example.

<First modified embodiment>

[0041] Itis possible to adopt a signal attenuation circuit
22 of the first modified embodiment, instead of the signal
attenuation circuit 12, as in a receiver 20 shown in Fig.
4. This signal attenuation circuit 22 comprises the diode
D1, the diode D2, and a resistor R22. The cathode ter-
minal of the diode D1 is grounded, the anode terminal of
the diode D1 is connected to the signal output terminal
of the antenna 1 and the cathode terminal of the diode
D2. Moreover, the attenuation factor control signal AGC
is input to the anode terminal of the diode D2 via the
resistor R13. Furthermore, one terminal of the resistor
R22 is grounded and the other terminal of the resistor
R22 is connected to the anode terminal of the diode D2.
A resistance value of the resistor R22 is let to be a re-
sistance value about the same as the resistance value
of the resistor R12 in the embodiment described above.
In other words, a feature of the signal attenuation circuit
12, as compared to the signal attenuation circuit 20, is
at a point that the anode terminal of the diode D1 is con-
nected directly to the signal outputterminal of the antenna
1.

[0042] In the receiver 20 structured in this manner, a
high-frequency signal which is to be processed by the
subsequent signal processing circuit 2, such as a broad-
cast-wave signal which is induced in the antenna 1, is
input to the high-frequency amplifier 3 after the attenua-
tion operation according to the size of the attenuation
factor control signal AGC is performed, similarly as in the
case of the receiver 10 described above.

[0043] On the other hand, when the signal induced in
the antenna 1is a signal on which, a low-frequency signal
having a large amplitude due to the low-frequency inter-
ference such as the transmission line interference is su-
perimposed, during the period in which the low-frequency
signal has a substantial voltage value on the positive side,
the low-frequency signal is clamped by the diode D1.
Moreover, during the period in which the low-frequency
signal has a substantial voltage value on the negative
side, the low-frequency signal is clamped by a circuit
which is formed by the diode D2 and the resistor R22.
As a result of this, even when the signal induced in the
antenna 1 is a signal on which the low-frequency signal
having a large amplitude is superimposed, the level of
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the signal which is input to the high-frequency amplifier
3isin aproper range of the input signal level for the high-
frequency amplifier 3.

<Second modified embodiment>

[0044] Itis possible to adopt a signal attenuation circuit
32 of the second modified embodiment, instead of the
signal attenuation circuit 12, as in a receiver 30 shown
in Fig. 5.

[0045] The signal attenuation circuit 32 comprises the
diode D1, the diode D2, a capacitor C31, a resistor R31,
and aresistor R32. Here, the anode terminal of the diode
D2 is connected to a power-supply voltage level (VCC)
which is an alternating ground level, and the cathode
terminal of the diode D2 is connected to the anode ter-
minal of the diode D1. The attenuation factor control sig-
nal AGC is input to the cathode terminal of the diode D1
via the resistor R13.

[0046] One terminal of the capacitor C31 is connected
to the signal output terminal of the antenna and the signal
input terminal of the high-frequency amplifier 3 of the
subsequent signal processing circuit 2, and the other ter-
minal of the capacitor C31 is connected to the anode
terminal of the diode D1. Moreover, one terminal of the
resistor R31 is connected to the signal output terminal of
the antenna 1 and the signal input terminal of the high-
frequency amplifier 3 of the subsequent signal process-
ing circuit 2, and the other terminal of the resistor R31 is
connected to the anode terminal of the diode D1. Fur-
thermore, one terminal of the resistor R32 is connected
to the power-supply voltage level, and the other terminal
of the resistor R32 is connected to the cathode terminal
of the diode D1.

[0047] A capacitance value of the capacitor C31, a re-
sistance value of the resistor R31, and a resistance value
of the resistor R32 are let to be the values same as the
capacitance value of the capacitor C11, the resistance
value of the resistor R11, and the resistance value of the
resistor R12 described above, respectively.

[0048] In the receiver 30 structured in such manner,
the high-frequency signal which is to be processed by
the subsequent signal processing circuit 2, such as the
broadcast-wave signal which is induced in the antenna
1, is input to the high-frequency amplifier 3 after the at-
tenuation operation according to the size of the attenu-
ation factor control signal AGC is performed, similarly as
in the case of the receiver 10 described above.

[0049] On the other hand, when the signal induced in
the antenna 1is signal on which, the low-frequency signal
having a large amplitude due to the low-frequency inter-
ference such as the transmission line interference is su-
perimposed, during the period in which the low-frequency
signal has a substantial voltage value on the positive side
with respect to the power-supply voltage level, the low-
frequency signal is clamped by a circuit formed by the
resistor R31, the diode D1, and the resistor R32. More-
over, during the period in which the low-frequency signal
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has a substantial voltage value on the negative side with
respect to the power-supply voltage level, the low-fre-
quency signal is clamped by a circuit formed by the re-
sistor R31 and the diode D2. As a result of this, even
when the signal induced in the antenna 1 becomes a
signal on which the low-frequency signal having a large
magnitude is superimposed, the level of the signal which
is input to the high-frequency amplifier 3 is in a proper
range of the input signal level for the high-frequency am-
plifier 3.

<Third modified embodiment>

[0050] Itis possible to adopt a signal attenuation circuit
42 of a third modified embodiment, instead of the signal
attenuation circuit 12, as in a receiver 40 shown in Fig.
6. This signal attenuation circuit 42 of the third modified
embodiment in which modifications similar to the modi-
fications from the signal attenuation circuit 12 of the em-
bodiment described above to the signal attenuation cir-
cuit 22 in of the first modified embodiment, are made in
the signal attenuation circuit 32 of the second modified
embodiment.

[0051] This signal attenuation circuit 42 comprises the
diode D1, the diode D2, and a resistor R42. The anode
terminal of the diode D2 is connected to the power-supply
voltage level, and the cathode terminal of the diode D2
is connected to the signal output terminal of the antenna
1 and the anode terminal of the diode D1. Moreover, the
attenuation factor control signal AGC is input to the cath-
ode terminal of the diode D1 via the resistor R13. Fur-
thermore, one terminal of the resistor R42 is connected
to the power-supply voltage level, and the other terminal
of the resistor R42 is connected to the cathode terminal
of the diode D1. A resistance value of the resistor R42
is let to be about the same as the resistance value of the
resistor R32 in the third modified embodiment.

[0052] In the receiver 40 structured in such manner,
the high-frequency signal which is to be processed by
the subsequent signal processing circuit 2, such as the
broadcast-wave signal which is induced in the antenna
1, is input to the high-frequency amplifier 3 after the at-
tenuation operation according to the size of the attenu-
ation factor control signal AGC is performed, similarly as
in the case of the receiver 30 described above.

[0053] On the other hand, when the signal induced in
the antenna 1 is a signal on which, the low-frequency
signal having a large amplitude due to the low-frequency
interference such as the transmission line interference
is superimposed, during the period in which the low-fre-
guency signal has a substantial voltage on the positive
side with respect to the power-supply voltage level, the
low-frequency signal is clamped by a circuit formed by
the diode D1 and the resistor R42. Moreover, during the
periodinwhich the low-frequency signal has a substantial
voltage value on the negative side with respect to the
power-supply voltage level, the low-frequency level sig-
nal is clamped by the diode D2. As a result of this, even
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when the signal induced in the antenna 1 becomes a
signal on which the low-frequency signal having a large
amplitude is superimposed, the level of the signal which
is input to the high-frequency amplifier 3 is in a proper
range of the input signal level for the high-frequency am-
plifier 3.

[0054] In the embodiment and the first modified em-
bodiment to the third modified embodiment, an element
which performs clamping of the low-frequency signal
having the large amplitude in combination with a diode
isletto be aresistor. However, any element can be adopt-
ed as the resistor, provided that the element satisfies a
selection criteria described in the description of the em-
bodiment.

[0055] Moreover, in the embodiment and the first mod-
ified embodiment to the third modified embodiment, di-
odes are used. However, any element having a rectifica-
tion effect similar to the diode can be used instead of the
diode.

[0056] Furthermore, in the embodiment and the first
modified embodiment to the third modified embodiment,
the present invention is applied to a signal attenuation
circuit mounted in a receiver such as a radio receiver.
However, as a matter of course, it is possible to apply
the present invention to an attenuation circuit which is
mounted in a signal processing apparatus other than the
receiver.

Claims

1. Asignal attenuation circuit which attenuates a signal
from a signal source, and sends an attenuated signal
to a subsequent signal processing circuit, compris-

ing:

a first rectifier means which has one terminal
which is connected to an output terminal of the
signal source and an input terminal of the sub-
sequent signal processing circuit, via a first im-
pedance, and the other terminal which is con-
nected to an alternating ground level via a sec-
ond impedance, and for which, an impedance
changes according to a size of an attenuation
factor control signal; and

a second rectifier means which has one terminal
which is connected to the alternating ground lev-
el via a third impedance, and the other terminal
which is connected to one terminal of the first
rectifier means, and whichis connected in series
to the first rectifier terminal in a rectification di-
rection, and for which, an impedance changes
according to the size of the attenuation factor
control signal, wherein

the firstimpedance, the second impedance, and
the third impedance are determined upon con-
sidering an attenuation of the signal from the
signal source, by a change in an impedance of
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the first rectifier means and the second rectifier
means, according to a size of the attenuation
factor control signal, in a high-frequency region
in which the subsequent signal processing cir-
cuit has to perform processing, and are deter-
mined upon considering a proper range of an
input signal level of the subsequent signal
processing circuit and the impedance of the sig-
nal source, in a low-frequency region in which a
low-frequency interference may be generated,

The signal attenuation circuit according to claim 1,
wherein

the signal output terminal of the signal source and
the one terminal of the first rectifier means are con-
nected via a capacitive element, and is connected
in parallel to a connection made via the capacitive
element, via a resistive element.

The signal attenuation circuit according to claim 1,
wherein

the signal output terminal of the signal source, and
the one terminal of the first rectifier means are con-
nected directly, and the first impedance is substan-
tially zero.

The signal attenuation circuit according to claim 1,
wherein

the other terminal of the first rectifier means and the
alternating ground level are connected directly, and
the second impedance is substantially zero.

The signal attenuation circuit according to claim 1,
wherein

the one terminal of the second rectifier means and
the alternating ground level are connected directly,
and the third impedance is substantially zero.

The signal attenuation circuit according to claim 1,
wherein

the first rectifier means and the second rectifier
means are diodes.
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Fig.2
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